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ABSTRACT
Starburst galaxies are huge reservoirs of cosmic rays (CRs) and these CRs convert a significant
fraction of their energy into gamma-rays by colliding with the interstellar medium (ISM). The produced
GeV gamma-ray emission is temporally stable and the flux is found to correlate well with indicators of
star formation rates, such as the total infrared (IR) luminosity LIR and monochromatic radio continuum
luminosity at 1.4 GHz L1.4 GHz, i.e., following Lγ−LIR and Lγ−L1.4 GHz relations. Recently, gamma-
ray excesses are reported to be spatially coincident with two starburst galaxies NGC 3424 and UGC
11041 in the fourth Fermi Large Area Telescope (LAT) source catalog (4FGL). Different from other
starburst galaxies detected by Fermi-LAT, we find that the gamma-ray emission associated with NGC
3424 and UGC 11041 show significant flux variability. With relatively weak infrared and radio emission,
NGC 3424 and UGC 11041 appear as outliers of the Lγ −LIR and Lγ −L1.4 GHz relations of starburst
galaxies. These results suggest that NGC 3424 and UGC 11041 may harbor obscured active galactic
nuclei (AGNs) and the AGN activities provide the dominant contribution to the gamma-ray emission
as compared to that provided by the starburst activities.
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1. INTRODUCTION
Nearby star-forming and starburst galaxies have
been identified to be GeV-TeV gamma-ray sources
(Acero et al. 2009; VERITAS Collaboration et al. 2009;
Acero et al. 2009; Abdo et al. 2010a,b; Ackermann et al.
2012; Tang et al. 2014; Peng et al. 2016; Ackermann et al.
2017). Cosmic rays (CRs) accelerated by supernova
remnants (SNRs) or stellar winds inevitably interact
with the interstellar medium (ISM) and produce neu-
tral pions (schematically written as p + p → pi0+other
products), which subsequently in turn decay into high-
energy gamma-rays (pi0 → γ + γ). The gamma-ray
emission produced in this process is expected to be
stable, as has been demonstrated in some starburst
galaxies (Ackermann et al. 2012). Meanwhile, in the
connections that link the star formation and CRs in
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starburst galaxies, some authors have proposed scal-
ing relationships between star formation rates (SFRs)
and gamma-ray luminosities (Lγ) (Pavlidou, & Fields
2002; Torres 2004; Thompson et al. 2007; Stecker 2007;
Persic, & Rephaeli 2010; Lacki et al. 2011). SFR indi-
cators include the total infrared (IR) luminosity LIR at
8−1000 µm converted to a SFR based on dust-processed
stellar light (Kennicutt 1998), and radio continuum lu-
minosity at 1.4 GHz produced by synchrotron-emitting
CR electrons (Yun et al. 2001). With the accumulation
of Fermi-Large Area Telescope (LAT) data, the corre-
lations between gamma-ray luminosities and SFR indi-
cators are first found in Abdo et al. (2010b), confirmed
by later studies with larger sample (Ackermann et al.
2012), and extended to a larger luminosity scale with
the detection of gamma-ray emissions from a luminous
infrared galaxy NGC 2146 (Tang et al. 2014) and an
ultra-luminous infrared galaxy Arp 220 (Peng et al.
2016; Griffin et al. 2016).
Among the star-forming and starburst galaxies ob-
served by Fermi-LAT, NGC 1068 and NGC 4945 deserve
special attention as these two galaxies show both cir-
2cumnuclear starbursts activities and radio-quiet AGNs
with low-level jets (Lenain et al. 2010; Ackermann et al.
2012). AGNs and star-forming (or starburst) galax-
ies, the leading components of the extragalactic source
population in the GeV range detected by Fermi-LAT,
produce gamma-ray emission by different physical pro-
cesses. The former objects arise from intermittent
accretion onto the central massive black holes, while
the latter objects generate diffuse gamma-ray emis-
sion by interaction between CRs and ISM. Observa-
tionally, none of these starburst galaxies show evi-
dence of gamma-ray variability, while variability is com-
monly seen in Fermi-LAT AGNs. The gamma-ray spec-
tra of NGC 1068 and NGC 4945 are similar to those
of two typical starburtst galaxies of M82 and NGC
253. What’s more, NGC 1068 and NGC 4945 obey
the Lγ − LIR and Lγ − L1.4 GHz relations for star-
burst galaxies (Ackermann et al. 2012). In this respect,
the gamma-ray emissions in NGC 1068 and NGC 4945
are probably produced dominantly by CRs interaction
(hence starburst activity) (Ackermann et al. 2012), al-
though the AGN-driven outflows in NGC 1068 and NGC
4945 might provide complementary contribution to the
gamma-ray emission under some model assumptions
(Lenain et al. 2010; Lamastra et al. 2016). Another
controversial source is Circinus galaxy. Hayashida et al.
(2013) reported the discovery of gamma-ray excess from
the Circinus galaxy using the early four years of Fermi-
LAT observations, and found that this observed gamma-
ray luminosity exceeds the luminosity expected from
CRs interactions in the ISM and inverse Compton ra-
diation from the radio lobes. But considering its loca-
tion near the Galactic plane with b = −3◦.8, system-
atic error related to uncertainties in the model for the
Galactic diffuse and point sources emission should be
evaluated with new data (The Fermi-LAT collaboration
2019; Guo et al. 2019).
The Fermi-LAT collaboration (2019) recently released
the latest catalog based on the first eight years of
Fermi-LAT science data. Relative to the previous
3FGL catalog (Acero et al. 2015), the 4FGL benefits
from many improvements, including twice longer ex-
posure, Pass 8 data, new model of diffuse Galactic
emission, and updates on likelihood analysis and as-
sociation procedure. The new 4FGL catalog contains
two new sources in spatial association with two star-
burst galaxies, NGC 3424 and UGC 11041, listed in
the IRAS catalog(Sanders et al. 2003). NGC 3424 and
UGC 11041 were ranked No. 430 and No. 186 out
of 629 IRAS sources in the distribution of LIR values
(Sanders et al. 2003), respectively. The IR emission of
these two objects were so weak that we do not expect
they will be bright GeV emitters involving star forma-
tion. The radio flux density at 1.4 GHz of NGC 3424
is ∼ 161 mJy (White & Becker 1992). Such a source
would be unusually weak by comparison with that of
Fermi-LAT star-forming and starburst galaxies. In this
paper, in order to investigate the physical origin of the
GeV excesses, we analyze the Fermi-LAT data of NGC
3424 and UGC 11041, performing a detailed analysis
of the temporal and spectral characteristics, and ex-
amining whether they obey the relationships between
gamma-ray luminosity and SFR tracers, like Lγ − LIR
and Lγ − L1.4 GHz relations for starburst galaxies.
The rest of this paper is structured as follows. In Sec-
tion 2, we describe the data reduction and results of the
Fermi-LAT observations. In section 3, we study the cor-
relations involving gamma-ray luminosities of starburst
galaxies. We give our discussions in Section 4 and con-
clusions in Section 5.
2. FERMI DATA REDUCTION
2.1. Data selection
We downloaded the updated Fermi-LAT Pass 8
SOURCE data towards to sources of interest, i.e., NGC
3424 and UGC 11041, for a period of about 10.5 years
(MET 239557417 - MET 573163231). A binned maxi-
mum likelihood analysis was performed on a region of
interest (ROI) with a radius 10◦ centered on the ”R.A.”
and ”decl.” of each source. Recommended event type
for data analysis was ”FRONT+BACK” (evtype=3) for
photons with energies > 200 MeV. We applied a maxi-
mum zenith angle cut of zzmax = 90
◦ to reduce the effect
of the Earth albedo background. The standard gtmk-
time filter selection with expression of (DATA QUAL >
0 && LAT CONFIG == 1) was set. A source model
was generated containing the position and spectral def-
inition for all the point sources and diffuse emission
from the 4FGL (The Fermi-LAT collaboration 2019)
within 15◦ of the ROI center. The Galactic and ex-
tragalactic diffuse models were gll iem v07.fits and
iso P8R3 SOURCE V2 v1.txt, respectively. The energy
dispersion correction was made when events energies ex-
tended down to 100 MeV were took in to consideration
during the spectral energy distribution (SED) analysis.
In order to get a convergence of fit and good error
estimate on parameters in the time resolved and energy
resolved analysis, we handled the model file in two dif-
ferent ways. One was to fix the spectral shape of all
source, and the other was to fix the spectral parame-
ters for the sources with >= 7◦ degrees away from ROI
center. The bright gamma-ray sources, Galactic diffuse
and isotropic emission components were left free in the
3fitting procedure. It was found that the two methods
did not make any statistical difference to the results.
2.2. Spatial analysis
First, we optimized a point source location using the
likelihood test-statistic around the NGC 3424 region,
and checked the results assessed in Fermi-LAT 4FGL
(The Fermi-LAT collaboration 2019). We performed an
unbinned method for photons with energies > 200 MeV.
We estimated the best-fit gamma-ray emission position
with the tool gtfindsrc: (162◦.922, 32◦.8767)±0◦.04. We
found the final guess position was in accordance well
with that in 4FGL in the error box. Then, the test-
statistic map around the NGC 3424 region was made.
Based on the test-statistic map, there was little residual
gamma-ray emission nearby, indicating that one point
source in the model could depict the gamma-ray emis-
sion well in the vicinity of NGC 3424 region.
Since AGNs dominate the population of extragalac-
tic sources detected by Fermi-LAT (Ackermann et al.
2015; The Fermi-LAT collaboration 2019), we checked
possible alternative candidates for this point source in
the following main AGN catalogs: the CRATES Flat-
Spectrum Radio Source Catalog (Healey et al. 2007),
the Veron Catalog of Quasars AGN, the 13th Edition
(Ve´ron-Cetty, & Ve´ron 2010), the Candidate Gamma-
Ray Blazar Survey Source Catalog (Healey et al. 2008),
and Roma-BZCAT Multi-Frequency Catalog of Blazars
(Massaro et al. 2009). No AGN candidate is found
within the positional uncertainty of the point source.
Only an IRAS point source associated with NGC 3424
is located within the region. With only a separation of
0◦.03 between the gamma-ray point source and NGC
3424, it is reasonable to ascribe the high-energy emis-
sion from the gamma-ray point source to NGC 3424.
Following the similar steps, we examined the data of
UGC 11041. The derived power law index and flux
of NGC 3424 and UGC 11041 are compatible with re-
sults presented in Fermi-LAT 4FGL. Although no AGN
candidate is found, a flat-spectrum radio source MG2
J175448+3442 is very close to UGC 11041 and could
be an alternative candidate associated with the gamma-
ray excess (The Fermi-LAT collaboration 2019). Fermi-
LAT 4FGL (The Fermi-LAT collaboration 2019) lists
UGC 11041 as a variable source in the Fermi-LAT band,
which is confirmed by our following data analysis pro-
cedure.
2.3. Light curve and spectral analysis
We generated a set of time bins for the light curve
of photons with energy > 200 MeV. In the first trial,
the full observation period was divided linearly into five
equal time bins. Each time bin was fitted by a separate
maximum likelihood analysis. The results are shown in
Table 1. One could see that the gamma-ray emission
in the third time bin was stronger than the other bins
by a factor of about one order of magnitude for these
two sources, indicating a clear variability. Fermi-LAT
has worse angular resolution at low energy. In order to
reduce contamination from the nearby sources, we in-
creased the energies of events to above 400 MeV and 800
MeV. The gamma-ray flux variations of NGC 3424 and
UGC 11041 are still detected. The unbinned method
and Front photons are used to perform the light curve
analysis to check the results, and we find that the trend
of gamma-ray emission clustering in the third time bin
is not changed.
We next checked a finer light curve for photon energies
of 0.4-100 GeV with 15 time bins. The bin number of 15
is adopted for the balance of total detection significance
and statistic. The light curves are shown in Figure 1.
For NGC 3424, the χ2 goodness-of-fit test is inconsis-
tent with a constant flux with a reduced χ2 of 2.14 for
data points with a detection threshold of TS > 1, re-
jecting the hypothesis of constant flux. Meanwile, the
ratio between the maximum flux of 15 bins and full time-
averaged flux (hereafter R) reached ∼ 4.9. Since R is
not affected by choice of various detection thresholds,
R ≃ 4.9 indicates another piece of solid evidence of vari-
ability. The method most commonly used to quantify
variability is a likelihood-based statistic. Following the
definition in 2FGL (Nolan et al. 2012), the variability
index from the likelihood analysis is constructed, with
value in the null hypothesis, that the source flux is con-
stant across the full time period, and the value under
the alternate hypothesis where the flux in each bin is
optimized:
TSvar =
N∑
i=1
2× (Log(Li(Fi))− Log(Li(Fmean))), (1)
where Li is the likelihood corresponding to bin i, Fi is
the best fit flux for bin i, and Fmean is the best fit flux
for the full time, assuming a constant flux. The statistic
is expected to be distributed, in the null case, as χ2N−1
(TSvar). For 15 bins, the critical value of TSvar ≥ 29.14
is used to identify variable sources at a 99% confidence
level. NGC 3424 should be flagged as variable, with
TSvar = 45.3. Thus we claim that the gamma-ray emis-
sion of NGC 3424 is variable. Similarly, for UGC 11041,
the χ2 goodness-of-fit test was inconsistent with a con-
stant flux with a reduced χ2 of 3.62 for data points
with a detection significance TS > 1. We derived R
up to ∼ 4.6, and the corresponding variability index
TSvar = 54.1, implying the presence of significant vari-
4Name Energies Aug 4, 2008 Sep 15, 2010 Oct 27, 2012 Dec 8, 2014 Jan 18, 2017
Sep 15, 2010 Oct 27, 2012 Dec 8, 2014 Jan 18, 2017 Mar 1, 2019
NGC 3424 0.2-100 GeV TS 2 0 56 9 0
Flux 1.46 ± 1.53 6.49 2.28 ± 0.46 5.93 ± 0.47 3.69
×10−10 ×10−10 ×10−9 ×10−10 ×10−10
0.4-100 GeV TS 4 0 49 7 0
Flux 1.41 ± 1.26 1.82 1.29 ± 0.04 2.98 ± 0.16 1.75
×10−10 ×10−10 ×10−9 ×10−10 ×10−10
0.8-500 GeV TS 3 0 49 10 0
Flux 4.76 ± 3.81 1.72 5.57 ± 1.28 1.66 ± 0.75 8.54
×10−11 ×10−10 ×10−10 ×10−10 ×10−11
UGC 11041 0.2-100 GeV TS 0 6 97 7 2
Flux 4.88 1.35± 0.63 7.41 ± 0.88 2.78 ± 1.07 8.33± 6.02
×10−10 ×10−9 ×10−9 ×10−9 ×10−10
0.4-100 GeV TS 0 5 73 4 2
Flux 3.72 5.35± 2.67 2.51 ± 0.35 5.20 ± 2.55 3.02± 2.30
×10−10 ×10−10 ×10−9 ×10−10 ×10−10
0.8-500 GeV TS 0 6 36 3 3
Flux 2.13 2.70± 1.28 6.72 ± 1.42 2.00 ± 1.21 1.93± 1.13
×10−10 ×10−10 ×10−10 ×10−10 ×10−10
Table 1. Light curve of NGC 3424 and UGC 11041 with five time bins. Flux is in unit of ph cm−2 s−1. All error bars represent
1σ uncertainties. The data points with TS < 1 are given upper limits at the 95% confidence level.
ability. One can see that the brightest flares of these
two sources occur after the construction of the Fermi-
LAT 3FGL catalog, so the two sources did not appear
in Fermi-LAT 3FGL. The SEDs of the two sources are
shown in Figure 2.
We apply this approach to the gamma-ray emission
of other starburst galaxies. We measured variability
index TSvar = 22.0 and R ∼ 1.6 for NGC 1068, and
TSvar = 31.8 and R ∼ 1.7 for NGC 4945, meaning that
NGC 1068 and NGC 4945 have no significant changes
in flux over the 10.5 years of LAT observations. We
further took NGC 253, a typical starburst galaxy as
an example to test our calculation. We repeated the
analysis and obtained variability index of TSvar = 22.8
and R ∼ 1.5, supporting the lack of evidence for vari-
ability. All these results are consistent with that in
Ackermann et al. (2012), implying that our approach is
feasible.
3. THE OUTLIER TO THE SCALE RELATIONS
FOR Lγ
There is a clear positive empirical relation between
the gamma-ray luminosity and SFRs in local group
galaxies and nearby star-forming/starburst galaxies
(Abdo et al. 2010b; Ackermann et al. 2012; Tang et al.
2014; Peng et al. 2016; Griffin et al. 2016; Fu et al.
2017; Peng et al. 2019; Zhang et al. 2019). The re-
lation could be understood generally in the frame of
connections among interstellar gas, star formation, and
CRs (Torres 2004; Lacki et al. 2011; Pfrommer et al.
2017; Chan et al. 2018). Considering realistic galaxy
properties, Zhang et al. (2019) find that the slope of
the relation at low infrared luminosity deviates from
that at high infrared luminosity end, due to increas-
ingly lower efficiency for the production of gamma-
ray emission. From the point of statistics, the power
law function (quasi-linear relationship in log-log space)
is equally acceptable by the data (Zhang et al. 2019).
Thus, for simplicity, we still use the power law function
in the following content for the same sample galax-
ies. Now we check whether NGC 3424 and UGC 11041
obey the above relations. Following the method in
Peng et al. (2019), we fit the relation of Lγ − LIR and
Lγ − L1.4 GHz using the Markov Chain Monte Carlo
code emcee (Foreman-Mackey et al. 2013). Compared
with the previous results, there are some updates on the
gamma-ray fluxes for LMC, M 31, NGC 1068 and NGC
4945 (The Fermi-LAT collaboration 2019).
The best-fit (logarithmic) relation between the up-
dated gamma-ray and IR (and monochromatic radio
continuum) luminosities excluding galaxies with AGN
are logL1−500 GeV = (26.46
+1.32
−1.30) + (1.29
+0.13
−0.13)logLIR
(logL1−500 GeV = (10.69
+2.85
−2.87)+(1.33
+0.13
−0.13)logL1.4 GHz).
Both the Pearson correlation coefficients r > 0.9
and chance probabilities p < 10−4 imply strong cor-
relations. The relation of L1−500 GeV − LIR and
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Figure 1. Lightcurve in 0.4 − 100 GeV with fifteen time bins for NGC 3424 (upper panel) and UGC 11041 (bottom panel).
The red dashed line illustrates the maximum likelihood flux level for the ∼ 10.5 year observations. The upper limits data points
are at the 95% confidence level.
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Figure 2. Spectral energy distribution with six energy bins for NGC 3424 (upper panel) and UGC 11041 (bottom panel). The
red dashed line illustrates the maximum likelihood flux level for the full energy band 0.1 − 100 GeV. The upper limits data
points are at the 95% confidence level.
7L1−500 GeV − L1.4 GHz are shown in Figure 3. The
two new sources, NGC 3424 and UGC 11041 appear
as remarkable outliers of the L1−500 GeV − LIR corre-
lation. For L1−500 GeV − L1.4 GHz correlation, UGC
11041 appears as an outlier, but NGC 3424 as marginal
outlier located at the boundary line of 1σ dispersion
region. In contrast, two other starburst galaxies with
radio-quiet AGNs (i.e., NGC 1068 and NGC 4945) obey
the L1−500 GeV − LIR (L1−500 GeV − L1.4 GHz) correla-
tions. This may indicate that the gamma-ray emission
NGC 1068 and NGC 4945 is mainly contributed by
CR interactions (Lenain et al. 2010; Ackermann et al.
2012; Lamastra et al. 2016). The properties of starburst
galaxies with detected AGNs are summarized in Table
2.
4. DISCUSSIONS
The gamma-ray properties of NGC 3424 and UGC
11041, including significant variability and bright
gamma-ray luminosity, suggest that the radiation pro-
cesses are different from other starburst galaxies, whose
gamma-ray emission is mainly from CRs diffuse pro-
cess. This suggests that their high energy gamma-ray
emissions require an extra contribution. Therefore we
suggest NGC 3424 and UGC 11041 may harbor ob-
scured AGNs, and attribute the gamma-ray emission
associated with NGC 3424 and UGC 11041 to originate
from AGN activity. For NGC 3424, this is supported by
the fact that NGC 3424 is classified as a strong AGN
based on the [NII]/Hα ratio combined with the strength
of the Hα line (Gavazzi et al. 2013). Interestingly, NGC
3424 appears to be in the early stage of merger with
NGC 3430 (Lanz et al. 2013), which is capable of trig-
gering not only star formation, but also AGN activity.
The major part of gamma-ray sources in 3FGL are
radio-loud AGNs (Ackermann et al. 2015), which are
observed to host powerful relativistic jets. However,
NGC 3424 has a ratio of radio (5 GHz) to optical (B-
band) flux F5/FB < 10, meaning that it is a radio-quiet
AGN (Kellermann et al. 1989)1. According to the [3.4]-
[4.6]-[12] µm color-color diagram observed by WISE
(Wright et al. 2010), NGC 3424 is located in the star-
burst region, implying that the IR emission is not from
the non-thermal process. We also note that, different
from L1−500 GeV−LIR relation, NGC 3424 is marginally
consistent with the L1−500 GeV − L1.4 GHz correlation
(see Figure 3), which is not well-understood and may
require further investigation. As for UGC 11041, be-
sides the WISE data demonstrating that the IR emis-
sion is probably also from thermal emission, there is not
1 http://ned.ipac.caltech.edu/
much information available, so further investigation is
necessary.
The situation of NGC 3424 is somewhat similar to
Circinus galaxy, a system with coexistence of a typ-
ical obscured Seyfert-type active nucleus and a star-
burst. As one of the closest known active galaxies
to the Milky Way, the Circinus galaxy is located be-
hind the intense foreground of the Milky Way disk,
(l, b) = (311◦.3,−3◦.8), resulting in much uncertainty
and ambiguity with Fermi-LAT data analysis. With
respect to the results in Hayashida et al. (2013), the
updated gamma-ray flux has been reduced roughly by
half (The Fermi-LAT collaboration 2019). Thus, its Lγ
value moved closer to this boundary line of 1σ disper-
sion region of the correlations, see Figures 3. Similarly,
we measured the TSvar = 16.1 and R ∼ 1.7 for 15 bins
light curve. These characteristics favor that the gamma-
ray emission originates from CR interactions with ISM,
see Guo et al. (2019) for further information. Interest-
ingly, a possible companion to the Circinus galaxy has
been found (Staveley-Smith et al. 2016), which could ex-
plain the star formation activity in Circinus induced by
a strong tidal perturbation in this binary galaxy system.
In addition to NGC 3424 and Circinus, starburst
galaxies in our sample once or now are probably under-
going major or minor mergers. Major merger, minor
merger, or transient encounter may trigger circumnu-
clear starburst or(and) AGN, although the companion
in this so-called starburst-seyfert system is not necessar-
ily discernible (Mouri, & Taniguchi 2004). Arp 220, for
example, dense gas in the circumnuclear region induced
by strong interaction during major merger of two disc
galaxies (Graham et al. 1990), leads to intense star for-
mation activity. Although a low-luminosity AGN could
be present (Teng et al. 2015; Yoast-Hull et al. 2017;
Wang & Fields 2018; Yoast-Hull, & Murray 2019), star
formation process contribute a dominant fraction of
the gamma-ray radiation in Arp 220 (Peng et al. 2016).
These systems where gamma-ray emission is dominated
by processes associated with the circumnuclear star for-
mation rather than with the AGN should be recognized
as starburst-dominant Seyfert galaxies in the framework
of Mouri, & Taniguchi (2004). We could further specu-
late that the fraction of gamma-ray emission powered by
AGN will increase with the consumption of gas in star-
burst galaxies like Arp 220. NGC 3424 with significant
indication of variability is clearly different from these
starburst galaxies. The evidence for AGN in NGC 3424
(Gavazzi et al. 2013) is consistent with the elevated gas
supply and nuclear activity expected during the inter-
action between NGC 3424 and NGC 3430, despite the
8Table 2. Summary of star-forming (and starburst) galaxies with detected AGN
Name NGC 1068 NGC 4945 NGC 3424 UGC 11041 Circinus
Dis. 16.7 3.7 26.2 69.9 4.2
LIR 11.45 10.41 10.30 11.04 10.20
L1.4 GHz 167 10.8 16.4 34.6 3.21
×1021 ×1021 ×1021 ×1021 ×1021
L1−500 GeV 1.02± 0.14 9.57± 0.97 7.93± 2.47 4.87± 1.14 8.02± 1.27
×1041 ×1039 ×1040 ×1041 ×1039
TSvar 22.0 31.8 45.3 54.1 16.1
Notes. The second row is distance in unit of Mpc, NGC 1068 and NGC 4945 (Gao, & Solomon 2004), NGC 3424 and UGC
11041 (Sanders et al. 2003), and Circinus galaxy (Tully et al. 2009). The third row is LIR = L8−1000 µm with unit of L⊙ in
logarithmic space, NGC 1068 and NGC 4945 (Gao, & Solomon 2004), NGC 3424 and UGC 11041 (Sanders et al. 2003),
Circinus galaxy(Sanders, & Mirabel 1996). The radio continuum luminosity at 1.4 GHz L1.4 GHz with unit of W Hz
−1 is from
Yun et al. (2001) for NGC 1068 and Circinus galaxy, Wright, & Otrupcek (1990) for NGC 4945, White & Becker (1992) for
NGC 3424, and Condon et al. (1998) for UGC 11041. The time-averaged gamma-ray luminosity with unit of erg s−1 are taken
from The Fermi-LAT collaboration (2019), except for NGC 3424 and UGC 11041. The TSvar is calculated using equation (1),
the critical value of TSvar ≥ 29.14 is used to identify variable source at a 99% confidence level for 15 time bins.
NGC 3424 may become more intense in later stages
of the merger, and the system probably evolves to a
starburst-dominant Seyfert galaxy if the star formation
rate is high enough.
5. CONCLUSIONS
We performed a detailed analysis of Fermi-LAT data
around the regions of two ordinary IRAS sources,
NGC 3424 and UGC 11041, which have recently
been reported to be associated with 4FGL sources
(The Fermi-LAT collaboration 2019). We paid special
attention to the flux variability. Significant tempo-
ral variability is evident in the gamma-ray emission
of NGC 3424 and UGC 11041. We calculated the
gamma-ray luminosities and investigated whether NGC
3424 and UGC 11041 obey the empirical Lγ − LIR and
Lγ − L1.4 GHz relations of starburst galaxies. We find
that NGC 3424 and UGC 11041 appear as outliers of
Lγ − LIR and Lγ − L1.4 GHz relations (though NGC
3424 locates at the boundary of Lγ − L1.4 GHz correla-
tion). Their gamma-ray luminosities are about an order
of magnitude larger than what are expected from CR
interactions. These results suggest that NGC 3424 and
UGC 11041 may host AGNs, and the gamma-ray emis-
sion of these two starburst galaxies may arise from the
AGN contribution, not from star-formation driven CR
process. Finally, for the gamma-ray excess around UGC
11041, we note that the association with a flat-spectrum
radio source MG2 J175448+3442 could not be excluded.
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